We investigate the unextendible maximally entangled bases in C d C d and present a 30-number UMEB construction in C 6 C 6 . For higher dimensional case, we show that for a given N -number
We investigate the unextendible maximally entangled bases in C 
I. INTRODUCTION
Einstein, Podolsky, and Rosen (EPR) proposed a thought experiment which demonstrated that quantum mechanics is not a complete theory of nature [1, 2] , quantum entanglement has been shown to be tightly related to some fundamental problems in quantum mechanics such as reality and nonlocality. It was quite surprising when it was found that there are sets of product states which nevertheless display a form of nonlocality [3, 4] . It was shown that there are sets of orthogonal product vectors in C m C n such that there are no further product states which are orthogonal to all the state in the set, even though the space spanned by the set is smaller than nm. A set of states satisfying such property is called unextendible product bases (UPBs). Many useful applications have been obtained ever since the concept of UPBs in multipartite quantum systems was introduced [5] [6] [7] . It was shown that the UPBs are not distinguishable by local measurements and classical communication, and the space complementary to a UPB contains bound entanglement [5] .
In 2009, S. Bravyi and J. A. Smolin generalized the notion of the UPB to unextendible maximally entangled basis [8] : a set of orthonormal maximally entangled states in In Ref. [9] , B. Chen and S.M. Fei studied the UMEB in
. They constructed a d 2 -member UMEBs, and left an opem problem for the existence of UMEBs in the case of [10] . We show that the states in the complementary space of the UMEBs have Schmidt numbers less than d.
In his paper, we study the unsolved problem of UMEBs in
We start with the construction of a 30-member UMEB in C 6 C 6 . Then we generalized the example to higher dimension case. We show that for an given N -number UMEB in
12n systems, we show that there are at least two sets of UMEBs which are not equivalent.
Here under computational basis a maximally entangled state |φ a can be expressed as
where I is the d × d identity matrix, U a is any unitary matrix. According to (1), a set of unitary matrices
., n, where S n is the permutation group of n elements.
In the following we present a 30-member UMEB in
and
Ref. [8] :
where
give rise to a 30-member UMEB in C 
(ii) inner product between two elements in {U
iii) the inner product between one elements in {U ± nm } and the one in {U
Since the canonical inner product
, and the matrix U has the form U = diag(W 1 , W 2 ), where
, which implies that
Now we show that for any UMEB in
In the following for any q × q matrix M with entries m ij , we define
Let {U n }, n = 1, 2, · · · , N < d 2 , be the set of unitary matrices that give rise to the UMEB in
where i, j = 0, · · · , q − 1, m, n = 0, · · · , d − 1, and
Let N denote the number of matrices in {U ij nm , U i n }. We have
Next we prove that {U (2) In order to prove the orthogonality of the related basic states, we need to check the inner products between two elements in {U 
It is seens that dimV 2 = qd 2 . For any matrix A ∈ V 2 and i, j ∈ {0, 1, · · · , q − 1}, m, n ∈ {0, 1, · · · , d − 1}, we have T r(A † U ij nm ) = 0. Thus for any matrix A ∈ V 2 and B ∈ V 1 , T r(A † B) = 0. Namely, V 2 ⊆ V ⊥ 1 . Accounting to the dimensions of V 1 , V 2 and M qd (C), we obtain V
Noting that
, and hence U / ∈ U (qd). From (1), (2) and (3), we conclude that
In [8] a 6-member UMEB for d = 3 and a 12-member UMEB for d = 4 have been constructed. We have constructed in this paper a 30-member UMEB for d = 6. From our theorem, for d = 12, one con construct N = (qd)
qd , by respectively taking N = 3, 4, 6 and q = 4, 3, 2. Therefore in C
12

C
12 there are three ways to construct UMEBs from the UMEBs of dimension 3,4 and 6. In the following we show that at least two of the three UMEBs obtained in this way are not equivalent.
Let {U 1 , ..., U 6 } be the 6-member UMEB in C 3 C 3 presented in [8] . We note that the eigenvalues of U 1 , ..., U 6 are all {1, 1, e √ −1θ }, where cos θ = − Table I . By the definition of equivalence between two UMEBs, they should share the the same eigenvalues. There are 12 elements of the UMEB derived from C 3 C 3 with infinite order eigenvalues, but all the elements of the UMEB derived from C 4 C 4 only have finite order eigenvalues. Hence they are not equivalent.
Moreover, the above conclusion can be generalized to C 12n C 12n . One can show that in C 12n C 12n , there exist two sets of UMEBs which are not equivalent.
III. CONCLUSION
We have studied the UMEBs in C 
